Context. Galactic globular clusters (GC) are known to have multiple stellar populations and be characterised by similar chemical features, e.g. O−Na anti-correlation. While second-population stars, identified by their Na overabundance, have been found from the main sequence turn-off up to the tip of the red giant branch in various Galactic GCs, asymptotic giant branch (AGB) stars have rarely been targeted. The recent finding that NGC 6752 lacks an Na-rich AGB star has thus triggered new studies on AGB stars in GCs, since this result questions our basic understanding of GC formation and stellar evolution theory. Aims. We aim to compare the Na abundance distributions of AGB and RGB stars in Galactic GCs and investigate whether the presence of Na-rich stars on the AGB is metallicity-dependent. Methods. With high-resolution spectra obtained with the multi-object high-resolution spectrograph FLAMES on ESO/VLT, we derived accurate Na abundances for 31 AGB and 40 RGB stars in the Galactic GC NGC 2808. Results. We find that NGC 2808 has a mean metallicity of −1.11 ± 0.08 dex, in good agreement with earlier analyses. Comparable Na abundance dispersions are derived for our AGB and RGB samples, with the AGB stars being slightly more concentrated than the RGB stars. The ratios of Na-poor first-population to Na-rich second-population stars are 45:55 in the AGB sample and 48:52 in the RGB sample. Conclusions. NGC 2808 has Na-rich second-population AGB stars, which turn out to be even more numerous − in relative terms − than their Na-poor AGB counterparts and the Na-rich stars on the RGB. Our findings are well reproduced by the fast rotating massive stars scenario and they do not contradict the recent results that there is not an Na-rich AGB star in NGC 6752. NGC 2808 thus joins the larger group of Galactic GCs for which Na-rich second-population stars on the AGB have recently been found.
Introduction
Galactic globular clusters (GC) have been subjected to extensive studies of their chemical characteristics for several decades. In the early 90s, the dedicated Lick-Texas spectroscopic survey of several GCs paved the way and discovered that oxygen and sodium abundances in red giant branch (RGB) stars anticorrelate (e.g. the series by Kraft et al. 1992; Sneden et al. 1992; Kraft et al. 1993; Sneden et al. 1994; Kraft et al. 1995) . Later on, A&A proofs: manuscript no. AA28502_ywang_final that of halo field stars of similar metallicity, second-population (2P) stars can be identified by their Na overabundances and O deficiencies that are associated with other chemical peculiarities (e.g. nitrogen and aluminium enrichment, and carbon, lithium, and magnesium deficiency; e.g. Pancino et al. 2010; Villanova & Geisler 2011; Carretta et al. 2014; Carretta 2014; Lapenna et al. 2015) . First-and second-population stars are also related to the appearance of multimodal sequences in different regions of GC colour-magnitude diagramme (CMD; e.g. Piotto et al. 2012 Piotto et al. , 2015 Milone et al. 2015a,b; Nardiello et al. 2015) , which can (at least partly) be associated with helium abundance variations in their initial chemical composition (see e.g. Chantereau et al. 2015 and references therein) . All these pieces of evidence point to all GCs having suffered from self-enrichment during their early evolution, where 2P stars formed out of the Na-rich, O-poor ashes of hydrogen burning at high temperature ejected by more massive 1P stars and diluted with interstellar gas (e.g. Prantzos & Charbonnel 2006; Prantzos et al. 2007 ). However, the nature of the polluters remains highly debatable, as well as the mode and timeline of the formation of 2P stars. As of today, none of the proposed models for GC early evolution is able to account for the chemical features that are common to all GCs, nor for the spectrocopic and photometric diversity of these systems (e.g. Bastian et al. 2015; Renzini et al. 2015; Krause et al. 2016) . This raises serious challenges related to our understanding of the formation and evolution of massive star clusters and of galaxies in a more general cosmological context. Therefore, because of the importance of these specific chemical features (like the O−Na anti-correlation), a wealth of observational data has been gathered for a sizable number of Galactic GCs. Cluster stars have been observed and analysed at different evolutionary phases, down to the main sequence, although the majority of the data is from the brighter areas of the CMDs (RGB and HB stars, in particular). Thanks to these analyses, it has been possible to prove the existence of the O−Na anti-correlation at all evolutionary phases in GCs: from the main sequence (MS; e.g. Gratton et al. 2001; Lind et al. 2009; D'Orazi et al. 2010; Monaco et al. 2012; Dobrovolskas et al. 2014 ) and the sub giant branch (SGB; e.g. Carretta et al. 2005; Lind et al. 2009; Pancino et al. 2011; Monaco et al. 2012) to the red giant branch (RGB; e.g. Yong et al. 2013; Cordero et al. 2014; Carretta et al. 2014 , 2015 and Gratton et al. 2012a and references therein) and the horizontal branch (HB; e.g. Villanova et al. 2009 and the series by Gratton et al. 2011 Gratton et al. , 2012b Gratton et al. , 2013 Gratton et al. , 2014 Gratton et al. , 2015 .
However, despite this large number of investigations, asymptotic giant branch (AGB) stars have rarely been targeted systemically because of their paucity in GCs (a result of their short lifetime). Pilachowski et al. (1996) studied a few of them in M 13 (NGC 6205; 112 RGBs, and 18 AGBs) and found them to be rich in sodium ([Na/Fe] > 0.05 dex), similar to the RGB-tip stars (log g < 1) but with a slightly lower overall Na abundance. Johnson & Pilachowski (2012) looked again at the same cluster (M 13) and derived Na and O abundances for 98 RGB and ∼ 15 AGB stars, finding very similar results to Pilachowski et al. (1996) , since 66 RGB and twelve AGB stars are in common with the 1996 sample. Since no extreme (very O-poor) AGB star is present in their sample, the authors concluded that only the most Na-rich and O-poor stars may have failed to reach the AGB.
More recently, a spectroscopic study by Campbell et al. (2013) revealed the lack of Na-rich, 2P stars along the early-AGB of NGC 6752. This came as a surprise since, in this GC, as well as all the Milky Way GCs studied so far, 1P and 2P stars have been found at the MS turn-off, on the SGB and on the RGB, and the Na-rich, 2P stars are even twice as numerous as their 1P counterparts (Prantzos & Charbonnel 2006; Carretta et al. 2010) . It was therefore concluded by Campbell and collaborators that in NGC 6752 only 1P stars manage to climb the AGB, possibly posing a fundamental problem to stellar evolution theory. This result then triggered a new study of 35 AGB stars in the Galactic GC 47 Tuc (NGC 104, Johnson et al. 2015) , which found that, in contrast to NGC 6752, the AGB and RGB populations of 47 Tuc have nearly identical [Na/Fe] dispersions, with only a small fraction ( 20%) of Na-rich stars that may fail to ascend the AGB, which is similar to what was observed in M 13. A new study of 6 AGB and 13 RGB stars in M 62 (NGC 6266; Lapenna et al. 2015) find their AGB stars to behave similarly to what was found in NGC 6752, i.e. they are all Na-poor and O-rich (1P) stars. On the other hand, García-Hernández et al. (2015) clearly show that 2P AGB stars exist in metal-poor GCs, with a study of Al and Mg abundances in 44 AGB stars in four metal-poor GCs (M 13, M 5, M 3, and M 2). Therefore, the question of the presence of 2P AGB stars in GCs with various properties (e.g. different ages, metallicities, etc) is far from being settled, although it might bring interesting constraints on the self-enrichment mechanisms (e.g. .
Considering how limited the current sample of GC AGB stars is in terms of Na (and O) abundance determinations, we embarked on a new observational campaign to increase the number of AGB stars for which accurate Na abundances can be derived. We started by observing RGB and AGB stars in NGC 2808, a moderately metal-poor Galactic GC, well known for its multiple stellar populations (e.g. chemically: Carretta et al. 2006; photometrically: Piotto et al. 2007 ). Thanks to the large number of data available in the literature for NGC 2808, our first goal is to use NGC 2808 as our test-bench cluster, to establish our analysis procedures, before applying the same methodology to a larger number of clusters, spanning a range of metallicities.
The paper is organised as follows: Sections 2 and 3 describe in detail the observations and the analysis of the data; Section 4 presents our derived Na abundance of NGC 2808; the discussion and summary in Sects. 5 and 6 close the paper and suggest future steps; finally, in the Appendix we discuss the influence of different methods to determine the stellar parameters on the derived Na abundances.
Observations and data reduction
Our targets were selected from the Johnson-Morgan photometric database that is part of the project described in Stetson (2000 Stetson ( , 2005 , and cover a magnitude range of about 1.5 magnitudes (V = 15.1 − 13.5 mag). A total of 53 AGB stars and 47 RGB stars were selected and observed with the highresolution multi-object spectrograph FLAMES, mounted on ESO/VLT-UT2 (Pasquini et al. 2003) . For our programme, we used FLAMES in combined mode, i.e. we observed simultaneously the brightest five objects of our sample with UVES-fibre and the remaining targets with GIRAFFE/Medusa. For UVESfibre, we chose the Red 580 setting, whereas for GIRAFFE we selected the HR 13, HR 15, and HR 19 set-ups. More details about the observations, which were carried out in service mode, are summarised in Table 1. Primary data reduction (including the bias correction, wavelength calibration using a Th-Ar lamp, spectrum extraction, and flat fielding) was performed with the ESO GIRAFFE and UVES pipelines, respectively. Sky-subtraction (by averaging seven sky Article number, page 2 of 13 Y. Wang et al.: Sodium abundances of AGB and RGB stars in galactic globular clusters fibres for GIRAFFE sample and one for UVES sample), radial velocity measurement and correction were applied at the end of the reduction procedure. For the GIRAFFE HR 13 and HR 19 spectra, we also performed the telluric correction using the recently released ESO Sky Tool Molecfit (see Smette et al. 2015 and Kausch et al. 2015 for more details). Finally the spectra from the same setup and for the same stars were co-added achieving signal-to-noise ratios (S/N) that range from 100 to 350 for GI-RAFFE spectra and 90−180 for UVES spectra, depending on the magnitude of the star.
The barycentric corrections for the radial velocities were derived with the ESO hourly airmass tool 1 . Figure 1 shows the barycentric radial velocity distribution, as derived for all our observed stars. Although the main peak of the distribution is populated by the majority of our initial sample stars, a long tail towards smaller velocities is also present. We thus only considered as cluster members those stars belonging to the main peak (i.e. all those falling between the two vertical dashed lines in Fig.  1 , with barycentric radial velocities of roughly between 85 and 125 km s −1 ). From this group, we had to further exclude six objects (because of too high metallicity, Fe i and Fe ii abundance mismatches that were incompatible with a reasonable derivation of the reddening, and spectroscopic binary). Our final sample thus consists of 73 stars in total, 33 AGB stars, and 40 RGB stars. Of these, five objects (three AGB and two RGB stars) were observed with UVES−fibre (the UVES sample hereafter) and 68 objects (30 AGB and 38 RGB stars) were observed with FLAMES/GIRAFFE (the GIRAFFE sample hereafter). The mean barycentric radial velocity obtained from all the cluster members is 104.6 km s −1 with a dispersion of σ = 8.0 km s −1 , in good agreement with Carretta et al. (2006) Table 2 lists the evolutionary phase (AGB/RGB), instrument used for collecting the spectrum (UVES/GIRAFFE), coordinates, photometry, and barycentric radial velocities of our member stars. Their location in the CMD is shown in Fig.2. 
Stellar parameters and abundance analysis

Effective temperature and surface gravity
We used the photometric method to derive the stellar effective temperature (T eff ) and surface gravity (log g). Optical B, V, and I magnitudes are available for all our stars. By crossmatching the coordinates of our targets with the 2MASS catalogue (Skrutskie et al. 2006 ), we have also been able to extract the infrared J, H, and K magnitudes for all except six stars (for which no 2MASS counterpart could be identified).
We adopted the reddening value of E(B − V) = 0.22 mag (Harris 1996 (Harris , 2010 , together with the Cardelli et al. (1989) relations:
We used the Ramírez & Meléndez (2005) photometric calibrations for giants (which are provided as a function of the colour index and [Fe/H]) and computed five scales of photometric temperatures, using the de-reddened (B − V) 0 , (V − I) 0 , (V − J) 0 , (V − H) 0 , and (V − K) 0 colour indices (see Table 3 for a comparison between the five scales). The mean value of the five temperature scales (T eff,mean ) was adopted as our final effective temperature except for the six stars without J, H, and K magnitudes for which we use the mean relation T eff,mean vs. T eff,(V−I) , as derived for the rest of the sample.
To evaluate the error on our final set of effective temperatures, we took into account four main sources of uncertainty: the dispersion σ cal of the photometric calibration itself (taken from Ramírez & Meléndez 2005, Table 3 ; smaller than 40 K for the colours we used); the differential reddening (0.02 mag in E(B − V), Bedin et al. 2000) ; the uncertainty in the colour index σ colour and on the [Fe/H] ratio. After propagating all errors, we ended up with a typical error on the final T eff of about ±70 K. The largest contributing source is the differential reddening (∼ 55%), followed by the σ cal of the calibration itself (∼ 33%) and the error on the magnitudes (∼ 11%), while the error on the derived metallicity is negligible (about 1%).
The surface gravities log g were derived from effective temperatures and bolometric corrections, assuming that the stars have masses of 0.85 M ⊙ , as adopted by Carretta et al. (2006) . The bolometric corrections of our stars were obtained following the relations by Alonso et al. (1999) . We adopted a visual 
Notes.
a Star ID reports the original ID from the photometric catalogue, to which we added the suffix AGB/RGB to ease our own data handling. distance modulus of 15.59 mag (Harris 1996 (Harris , 2010 and the bolometric magnitude of the Sun of M bol,⊙ = 4.75. The typical error on log g is about ±0.05 dex, strongly dominated by the uncertainties in effective temperature (∼ 61%) and the differential reddening (∼ 39%). The right panel of Fig. 2 shows the final log g − log(T eff ) distribution of the member stars.
Metallicity and microturbulent velocity
To derive the metallicity [Fe/H] of our stars, we selected unblended Fe i and Fe ii lines from the VALD3 database 2 (Piskunov et al. 1995; Kupka et al. 2000; Ryabchikova et al. 2015) where the atomic data was originally taken from Kurucz (2007) ; Fuhr et al. (1988) ; O'Brian et al. (1991) ; Bard et al. (1991) ; Bard & Kock (1994) for Fe i lines and from Kurucz (2013) and Blackwell et al. (1980) for Fe ii lines, and optimised our selection for GIRAFFE and UVES spectra separately according to their different spectral resolutions and wavelength coverages. The equivalent widths (EWs) of the spectral lines were measured using the automated tool DAOSPEC (Stetson & Pancino 2008) , which also outputs the error associated to the derivation of each line equivalent width. To keep the determination of the metallicity as accurate as possible, we excluded very weak (≤ 20 mÅ) and very strong (≥ 120 mÅ) iron lines. We used 1D LTE spherical MARCS model atmospheres (Gustafsson et al. 2008 ) and the LTE stellar line analysis programme MOOG (Sneden 1973 (Sneden , 2014 to derive the metallicity and the microturbulence velocity (ξ t ), the latter by requiring Fe i abundances to show no trend with the reduced equivalent widths (log(W λ /λ)) of the lines. An iterative procedure was then followed to consistently derive all stellar parameters (T eff , log g, [Fe/H], and ξ t ), because of their known interdependences. We ended up using typically 20 − 35 Fe i and 4 − 5 Fe ii lines for the GIRAFFE spectra and 50 − 65 Fe i and 6 − 8 Fe ii lines for the UVES spectra. The solar iron abundance of log ǫ(Fe) ⊙ = 7.50 from Asplund et al. (2009) is adopted through-2 Web interface at http://vald.inasan.ru/∼vald3/php/vald.php out our analysis. Tables 4 and 5 summarise our final stellar parameters and average iron abundances, respectively.
Our derived iron abundances are consistent with those found in the literature. (see Table 5 ). We find a small difference between the [Fe i/H] and [Fe ii/H] ratios, which disappears once we correct the Fe i values for non-LTE corrections (see Sect. 3.4). Therefore, we derive an overall metallicity for NGC 2808 of [Fe /H]= −1.11 dex (rms = 0.09 dex).
Sodium abundances
Despite the presence of three different Na i doublets in our spectra (6154 − 6160 Å in both UVES and GIRAFFE spectra, 8183 − 8194 Å only in the GIRAFFE spectra, and 5682 − 5688 Å only in the UVES spectra), we were able to reliably use only the doublet in common to all spectra (i.e. 6154 − 6160 Å) because the other two show saturation at the metallicity of NGC 2808. This doublet also has a small drawback, namely the 6160 Å line blends with a calcium line, but this can be overcome by analysing the Na doublet via spectrum synthesis.
For this purpose, we used MOOG and our interpolated suite of MARCS model atmospheres, matching our derived stellar parameters. The atomic data of the Na doublet was adopted from the VALD3 database where the data was originally taken from Ralchenko et al. (2010) and Kurucz & Peytremann (1975) . Figure 3 shows some examples of observed and synthetic spectra in the Na doublet region for one GIRAFFE AGB star and one UVES RGB star. Considering the overall good agreement between the abundances derived from both lines of the Na doublet, we took the average of the two as our final Na abundance (see Table 6 ). We note that we have not been able to derive a reliable Na abundance for two out of 33 AGB stars, owing to their lines approaching saturation. By adopting a solar abundance of log ǫ(Na) ⊙ = 6.24 ), we derive a mean cluster Na abundance of [Na/H] = −0.99 dex, with a starto-star dispersion of rms=0.19 dex. In more detail, we derive [Na/H] of −1.00 dex (rms=0.13 dex) and [Na/H]=−0.98 dex (rms=0.22 dex) for our AGB and RGB samples, respectively.
Non-LTE corrections
Since the line formation of neutral iron is sensitive to departures from local thermodynamic equilibrium (LTE) because of its low fraction in stellar atmospheres, standard LTE analyses of Fe i lines tend to underestimate the true iron abundance, while Fe ii lines are not affected , and references therein). However, because the iron abundance derived from Fe i lines is statistically more robust owing to the larger number of lines available, we decided to correct our LTE Fe i abundances for the non-LTE (NLTE) effect using the correction grids kindly provided by K. Lind (priv. comm.) , the computation of which is documented in Bergemann et al. (2012) and Lind et al. (2012) .
The corrections were calculated for each Fe i line by interpolating the stellar parameters and the EW of the line within the available grids. The top panel of Fig. 4 shows the overall comparison between NLTE and LTE [Fe i/H] and the distribution of the NLTE correction. In Table 7 , we list the average LTE and NLTE Fe i abundances, as well as the NLTE corrections, for our AGB and RGB samples respectively. We find that the NLTE correction brings the overall Fe i metallicity of the cluster to [Fe i/H]= −1.11 dex, which is now fully consistent with the value derived from Fe ii lines.
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Notes.
We show the Na abundance derived from the Na line at 6154 Å and 6160 Å, respectively. The three rightmost columns list the final Na abundance values (i.e. the average of the two line abundances), except for those stars that have one of the lines saturated and/or too weak (hence only an upper limit was derived).
Similar to iron, the lines of neutral sodium also form under non-local thermodynamic equilibrium conditions. For Na, we used the correction grids computed by Lind et al. (2011) , which were again applied to each LTE Na line abundance, selecting the exact stellar parameters of the star under investigation. As our final Na abundance per star, we took the average value of the NLTE Na abundances derived from each line of the doublet (see Table 6 ). The comparison between the NLTE and LTE [Na/H] abundance ratios and the NLTE correction distribution derived for our sample is shown in the bottom panel of Fig. 4 . The NLTE correction shifts the Na abundance downwards systematically. The LTE and NLTE [Na/H], together with the NLTE corrections of Na abundance, are also listed in Table 7 .
Error analysis
Before discussing our abundance results, we need to estimate the error on the derived abundances. Several sources contribute to the final uncertainty, both of random and systematic nature.
The random measurement uncertainty on the derived abundances can generally be estimated by σ/ √ N, where σ is the lineto-line dispersion and N is the number of lines measured. Here we note that the UVES and GIRAFFE samples have slightly different random uncertainties owing to their different spectral resolutions and λ−coverages. Considering the limited number of Na and Fe ii lines present in our spectra, the application of the above formula is likely less accurate. To compensate for the low number statistics of the Na and Fe ii indicators, we thus applied a correction to the value of σ/ √ N according to a t-distribution requiring a 1σ confidence level.
The systematic measurement uncertainty is usually estimated by evaluating the effect on the derived abundances of varying stellar parameters and EWs (or other key parameters of the analysis) by their associated errors, keeping in mind that the stellar parameters are mutually dependent. For this purpose, we selected six representative stars of our samples (GIRAFFE: cool/hot, AGB/RGB, one each; UVES: AGB/RGB, both cool since the UVES sample only has cool stars).
To estimate the systematic influence of the derived stellar parameters, we changed each of the input values (T eff , log g, [M/H], and ξ t ) in turn, by the amounts corresponding to the uncertainties we derived for each of them (±70 K, ±0.05 dex, ±0.1 dex, and ±0.1 km s −1 respectively). When changing one parameter, we also iteratively updated all other parameters (see Sect. 3.2). Considering the very similar dependences found for all GIRAFFE and for all UVES stars, Table 8 only gives the 'sample'-average values.
For the uncertainty on the individual EW measurements, we adopted the errors estimated by DAOSPEC (e daospec (EW)), which are derived during the least-square fit of a given line. These uncertainties correspond to an average variation of For the uncertainties in the Na abundances, which have been determined via spectrum synthesis, we started by shifting the spectra continuum by ±0.5% and found an average variation of ±0.06 dex in [Na/H] for the GIRAFFE sample and ±0.02 dex for the UVES sample. Another possible source of uncertainty is the choice of the atomic physics. Our analysis made use of the atomic parameters of the Na doublet as reported in the VALD3 database, i.e. log(g f ) = −1.547 for the Na line at 6154 Å and −1.246 for the one at 6160 Å. No uncertainty is reported for either value, even in the original sources. However, from fitting the Fig. 3 : Spectra syntheses of the Na lines region. The top panel shows the spectra of the GIRAFFE AGB star AGB94048, and the panel shows the spectra of the UVES RGB star RGB star RGB112452. The black asterisks represent the observed spectra; the red solid lines are the best-fit synthesised spectra; the blue dash-dotted lines and the green dashed lines are synthesised spectra, but with the best-fit Na abundance changed by plus/minus the error of Na abundance (±0.07 dex for AGB94048 and ±0.05 dex for RGB112452; here the error is a combination of random error and fitting error).
solar spectrum with an NLTE model atmosphere, Gehren et al. (2004) derived a slightly different pair of log(g f ) values, −1.57 and −1.28 for the 6154 Å and 6160 Å Na lines, respectively. If we now round off this small difference (0.03) to ±0.05 as our uncertainty on the oscillator strength, we find a ∓0.05 dex dependence of the derived [Na/H] ratio for all stars. Table 9 summarises our complete error analysis providing the overall random/systematic/total uncertainties as derived separately for our GIRAFFE and UVES samples by taking the square root of the quadratic sum of the errors associated to all factors, so far discussed. Because the four stellar parameters are mutually dependent, the systematic dependences (and, in turn, the total errors) may be too conservative but they help compensate, at least in part, for those random uncertainties that it is not possible to properly account for. As already mentioned, the difference between the values derived for the two samples (GI-RAFFE and UVES) is a consequence of their different spectral resolutions, wavelength coverages, and temperature ranges (e.g. the cool stars observed with UVES only overlap with the coolest stars observed with GIRAFFE).
In Fig. 3 we show the combined effect of random and fitting errors in the Na abundance (±0.07 dex for GIRAFFE star and ±0.05 dex for UVES star) on the synthesised Na line profiles.
A&A proofs: manuscript no. AA28502_ywang_final By cross-matching target coordinates (within an angular distance of < 0.3 ′′ ), we were able to identify 24 RGB stars in common with the sample of Carretta et al. (2006) . On average, we find a good agreement on most stellar parameters and abundances. The differences between the two analyses (here, always reported as "this work − Carretta et al. (2006)") are negligible in the stellar parameters, Fe i and Na abundance values 3 , while for Fe ii amount to +0.09 ± 0.14 dex. As an example, Fig. 5 shows the comparisons between us and them for both the [Na/H] LTE and [Na/Fe i] LTE ratios.
Applying the sensitivities of Fe and Na abundances to the stellar parameters as reported in Table 8 , we can actually account for some of the abundance differences listed above. Small offsets (∼ +0.05 dex) in Fe ii and Na remain, but they are well within the associated error-bars. We are thus quite confident that our derived abundances are overall in good agreement with those derived by Carretta et al. (2006) . The remaining, albeit small, differences could also be due to the different input values and/or methodologies employed by us and by Carretta et al. (2006) (different photometry, T eff −colour calibrations, abundance derivations). Because the final goal of our project is the accurate determination of Na abundances, we think it is important to track these down in more detail. As far as the temperature is concerned, we find a mean ∆T eff = +44 K because of the different T eff −colour calibrations used, but we note that we are able to reproduce Carretta et al. (2006) T eff and log g values when we adopt their photometry and colour-temperature calibration.
For the Na abundances, the comparison is between spectrum synthesis (ours) and EW-based abundances (Carretta et al. 2006 ), but it is more cumbersome because we used only the 6154−6160Å doublet, while Carretta et al. (2006) derived their Na abundances from the EW of different Na doublets, depending on the available spectra. Moreover, the 6160Å line appears to be severely blended with a neighbouring Ca line on its red wing for several of our RGB stars, making the EW method less reliable. Nonetheless, we find good agreement on the mean values when we derive the Na abundances from the EW of the 6154−6160Å doublet and with the set of stellar parameters derived according to Carretta et al. (2006) prescriptions (∆[Na/H] ∼ −0.01 ± 0.21 dex, see left panel of Fig. 6 ), although the amount of scatter persists, mostly as a result of the errors associated with the measurement of the equivalent widths. We also find that, based on our determination of stellar parameters, the spectrum-synthesis-based Na values are, on average, only ∼ 0.05 ± 0.07 dex higher than our EW-based values (see. Fig. 6 , right panel).
Overall, we can then conclude that the different methods explored so far for the derivation of stellar parameters and/or abundances lead to small systematic differences (within the associated errors in our case), while the errors associated with the EWs/line-fitting measurements are mostly responsible for the dispersions around these values. To complete our diagnostic tests, we have also evaluated the effects of deriving the stellar parameters spectroscopically on our final Na. The results of this test are summarised in the Appendix. Carretta et al. (2006) . The left panel compares the abundances re-derived by us based on the EWs of the 6154−60Å doublet and the set of stellar parameters derived according to Carretta et al. (2006) prescriptions with those derived by Carretta et al. (2006) . The right panel shows the good agreement between the spectrum-synthesis-based abundances and the (6154−60Å doublet) EW-based values, based on our own set of stellar parameters. Here only LTE abundances are considered.
∼ 0.05 dex, when considering only the GIRAFFE sample (representing the large majority of our dataset). The stellar population in NGC 2808 can thus be considered homogeneous in its Fe content within a few hundredths of dex, as also pointed out by Carretta et al. (2006) . Figure 7 shows these effects on the observed abundance patterns, where we present our final Na abundance distributions for AGB and RGB stars in NGC 2808 as [Na/H], [Na/Fe i], and [Na/Fe ii] versus T eff . Overall, the differences among the three panels are minimal. However, because of the extra uncertainties associated with Fe i (due to the NLTE corrections) and Fe ii (due to the paucity of lines), we chose to use the [Na/H] ratio to discuss our derived Na abundance distributions along the RGB and AGB.
[Na/H] distribution
A quick inspection of Fig. 7 (left panel) shows that the AGB and RGB samples in NGC 2808 have similar Na abundance ranges. A two-sided Kolmogorov-Smirnov (K-S) test confirms this: the K-S statistic D (0.268) and the p-value (0.137) derived for the [Na/H] distribution both indicate that there is only weak evidence to reject the null hypothesis, i.e. the two samples have the same distribution. Examining in more detail the dispersions (σ) and the interquartile range (IQR) values of [Na/H] of the AGB and RGB samples (σ AGB = 0.13 and σ RGB = 0.21, IQR AGB = 0.16 and IQR RGB = 0.39), we find that the RGB sample is more evenly spread across the entire Na abundance range, while the AGB stars tend to be more concentrated. We also find that the maximum [Na/H] value derived for the AGB sample is 0.21 dex lower than the one derived for the RGB sample. These can be seen in Fig. 8 where we show the histograms and cumulative distributions of [Na/H] for both the AGB and the RGB samples.
The conclusions are relatively similar when we turn to [Na/Fe i] and [Na/Fe ii] (Fig. 7, middle and Fe ii] is considered, one still finds more Na-rich than Napoor AGB stars, while these two populations are comparable in number along the RGB. Therefore, in our sample, 2P AGB stars are more numerous than 2P RGB stars when compared to their respective 1P counterparts, although they do not reach the same maximum Na abundance as found on the RGB. Furthermore, as far as the RGB stars are concerned, our results agree well with Carretta et al. (2009b) who analysed a much larger RGB star sample (98 stars) and found a 1P:2P stars ratio of 50:50, and even better with Carretta (2015) who reported a similar ratio (1P:2P=46:54) from the O−Na anti-correlation of 140 RGB stars.
Discussion
After the finding by Campbell et al. (2013) that NGC 6752 lacks Na-rich AGB stars, recent studies have revealed a complex chemical picture of AGB stars in Galactic GCs. While another cluster (M 62) was found to be devoid of Na-rich 2P AGB stars, other GCs (NGC 104, M 13, M 5, M 3, and M 2) do have 2P AGB stars (see references in Sect. 1). This work on NGC 2808 adds one more cluster to the latter group. This is particularly interesting, as it provides important constraints on our understanding of the formation and evolution of GCs and of their stellar populations.
It is now largely accepted that GCs suffered from selfenrichment during their early evolution, and that 2P stars formed out of the Na-rich, O-poor ashes of hydrogen burning at high temperature ejected by more massive 1P stars and diluted with interstellar gas (e.g. Prantzos & Charbonnel 2006; Prantzos et al. 2007) The various scenarios for GC self-enrichment differ on many aspects. The most commonly-invoked ones, in particular, make very different predictions for the coupling between Na and He enrichment in the initial composition of 2P stars. In the AGB scenario, on the one hand, all 2P stars spanning a large range in Na are expected to be born with very similar He (maximum ∼ 0.36 − 0.38 in mass fraction). This is due to the fact that He enrichment in the envelope of the intermediate-mass stellar polluters results from the second dredge-up on the early-AGB before the TP-AGB, where hot bottom-burning might affect the abundances of Na in the polluters yields (e.g. Forestini & Charbonnel 1997; Ventura et al. 2013; Doherty et al. 2014) . Therefore within this framework one is expecting to find the same proportion of 1P and 2P stars in the various regions of the GC CMDs, at odds with the observations in NGC 6752.
In the FRMS scenario, on the other hand, the Na and He enrichment of 2P stars at birth are correlated since both chemical elements result from simultaneous H-burning in fastrotating massive main-sequence stars (Decressin et al. 2007a,b; Chantereau et al. 2015) . This has important consequences on the way 1P and 2P stars populate the various sequences of the CMDs. Indeed, owing to the impact of the initial He content of stars on their evolution paths and lifetimes, 2P stars that are born with a chemical composition above an initial He and Na abundances cut-off do not climb the AGB and evolve directly towards the white dwarf stage after central He burning (Chantereau et al. 2015 . Therefore, the coupling between He and Na enrichment in the initial composition of 2P stars predicted by the FRMS scenario is expected to lead an evolution of the Na dispersion between the RGB and AGB in individual GCs, in proportions that depend on their age and metallicity . The corresponding theoretical predictions for an old and relatively metal-poor GC like NGC 6752 ([Fe/H]= −1.54, Campbell et al. 2013 ; age between ∼ 12.5 ± 0.25 Gyr and 13.4 ± 1.1 Gyr according to VandenBerg et al. 2013 and Gratton et al. 2003 respectively) are in good agreement with the lack of Na-rich AGBs in this cluster, although the precise Na-cut-off on the AGB is expected to depend on the assumed RGB mass-loss rate . then showed that within the FRMS scenario the maximum Na content expected for 2P stars on the AGB is a function of both the metallicity and the age of GCs. Namely, at a given [Fe/H], younger clusters are expected to host AGB stars exhibiting a larger Na spread than older clusters; and, at a given age, higher Na dispersion along the AGB is predicted in metal-poor GCs than in the metal-rich ones. NGC 2808 is both younger (11.00 ± 0.38 Gyr by VandenBerg et al. 2013 and 10.9 ± 0.7 Gyr by Massari et al. 2016 ) and more-metal rich than NGC 6752 and it lies in the domain where RGB and AGB stars are expected to present very similar dispersions, as predicted within the FRMS framework . Therefore, to first order, the present observations seem to agree well with the theoretically predicted trends.
However, additional parameters may play a role in inducing cluster-to-cluster variations, as already suggested by the spectroscopic and photometric diversity of these complex stellar systems. In particular, mass loss in the earlier phases of stellar evolution (RGB) has been shown to impact the Na cut on the AGB; the higher the mass loss, the stronger the expected differences with age and metallicity between RGB and AGB stars ; see also ). In addition, the maximum mass of the FRMS polluters might change from cluster to cluster, which should affect their yields and therefore the shape and the extent of the He-Na correlation for 2P stars. It is therefore fundamental to gather additional data in an homegeneous way for GCs spanning a large range in age, metal content, and general properties (mass, compactness, etc) to better constrain the self-enrichment scenarios. Work is in progress in this direction and we will present new Na abundance determinations in three other GCs in the second paper of this series.
Summary
The current sample of GC AGB stars available in the literature with accurately derived Na abundances remains rather limited. To increase the number statistics and to further characterise the presence and nature of Na-rich stars on the AGB, we observed and analysed a new sample of 33 AGB and 40 RGB stars in the Galactic GC NGC 2808.
We applied standard analytical methods to derive the stellar parameters and metallicities of the sample. Effective temperatures and stellar gravities were determined photometrically, while the metallicity was derived via equivalent widths of (several) Fe i and (fewer) Fe ii absorption lines. Since the Fe i abundance is affected by the NLTE effect, we applied the NLTE correction, which increased the mean [Fe i/H] by ∼ 0.04 dex. Here the [Fe i/H] NLTE and [Fe ii/H] agree well. We thus derived a mean metallicity of NGC 2808 of −1.11 ± 0.08 dex.
We tested the influence on the final Na abundance of adopting photometric vs. spectroscopic methods in the derivation of the stellar parameters. Our test shows that this effect is not significant compared to the various sources of uncertainty, especially when discussing [Na/H] and/or [Na/Fe i] abundance ratios.
Sodium abundances were derived for 30 AGB and 40 RGB stars. From our results, AGB and RGB stars in NGC 2808 have comparable overall Na distributions. By examining the dispersion, the interquartile range and the maximum value of the [Na/H] ratio determined in the AGB and RGB samples, the former appears more concentrated than the latter, in terms of Na abundance ratios.
Following the same criteria as proposed by Carretta et al. (2009b) to separate 1P and 2P GC stars, we derive 1P/2P star ratios of 45:55 (AGB sample) and 48:52 (RGB sample), when the [Na/H] abundance ratio is considered. This result shows that NGC 2808 has an asymptotic giant branch that is populated by relatively larger numbers of Na-rich stars than Na-poor ones, while the two groups are of comparable size on the cluster RGB. This work thus adds another slightly metal-poor GC, NGC 2808, to the group of galactic globular clusters that have Na-rich 2P AGB stars.
When compared to theoretical models, our finding are well accounted for by the FRMS scenario, without being in contradiction with earlier results from, e.g. Campbell et al. (2013) . It seems thus important to better quantify the dependences of the Na distributions from cluster metallicity and age. A detailed comparison of Na abundances on the asymptotic giant branch of several GCs and theoretical predictions will be presented in a forthcoming paper (Wang et al. in preparation) .
